We previously found that the water extract of Eleutherococcus senticosus leaves (ES extract) enhanced cognitive function in normal mice. Our study also revealed that the water extract of rhizomes of Drynaria fortunei (DR extract) enhanced memory function in Alzheimer's disease model mice. In addition, our previous experiments suggested that a combined treatment of ES and DR extracts synergistically improved memory and anti-stress response in mice. Although those two botanical extracts are expected to be beneficial for neuropsychological function, no clinical data has ever been reported. Therefore, we performed a placebo-controlled, randomized, double-blind study to evaluate cognitive enhancement and anti-stress effects by the intake of a combined extract in healthy volunteers. The intake period was 12 weeks. The Japanese version of the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) test was used for neurocognitive assessment. The combined treatment of ES and DR extracts significantly increased the figure recall subscore of RBANS (p = 0.045) in an intergroup comparison. Potentiation of language domain ((p = 0.040), semantic fluency (p = 0.021) and figure recall (p = 0.052) was shown by the extracts (in intragroup comparison). In anti-stress response, the anxiety/uncertainly score was improved by the extract in an intragroup comparison (p = 0.022). No adverse effects were observed. The combined treatment of ES and DR extracts appear to safely enhance a part of cognitive function in healthy adults.
Introduction
In this study, we focus on two crude drug extracts, leaf of Eleutherococcus senticosus and rhizome of Drynaria fortunei. Our previous studies have indicated these two extracts potentiate cognitive function in mice, explained as below, although no human study has been performed yet. No adverse effect was reported in animal studies concerning these two extracts.
E. senticosus (Rupr. and Maxim.) Maxim. (synonymous with Acanthopanax senticosus), also known as "Siberian Ginseng" (English), "Ciwujia" (Chinese), or "Ezoukogi" (Japanese), is a species of woody shrub in the family Araliaceae [1] . The rhizomes and roots of E. senticosus are recorded in Chinese and Japanese pharmacopoeias as a treatment for neurasthenia, hypertension, chronic coughing, and ischemic heart disease. In contrast, E. senticosus leaf is classified as food and has been taken as tea, soup, wine, and so on. In vivo pharmacological data of the leaf extract has hardly been reported, except for reducing the activity of triglycerides in high-fat diet-fed mice [2] .
We previously investigated the effect of a water extract of E. senticosus leaves (ES extract) on the cognitive function in normal mice and determined which active constituents passed the blood-brain barrier (BBB) [3] . Oral administration of the leaf extract significantly enhanced object recognition memory. Compounds absorbed in the blood and the brain after oral administration of the leaf extract were detected by LC-MS/MS analyses. Detected compounds in plasma and the cerebral cortex were ciwujianoside C3, eleutheroside M, ciwujianoside B, and ciwujianoside A1 [3] . Those compounds themselves significantly enhanced object recognition memory by oral administration in normal mice and extended the length of dendrites in cultured cortical neurons [3] .
The dried rhizomes of D. fortunei (Kunze et Mett.) J. Sm., known as "Drynariae Rhizoma", is a widely distributed traditional medicine in mainland China, Korea, and Japan [4] . It is reported to tonify the kidneys, strengthen bones, and promote the healing of fractures [5] . Flavonoids are the main constituents of D. fortunei rhizomes and have shown activity in animal experiments against osteoporosis, bone fractures, oxidative damage, and inflammation [6] [7] [8] [9] .
We previously found that the water extract of Drynaria Rhizome (DR extract) could enhance memory function and ameliorate Alzheimer's disease (AD) pathologies in 5XFAD model mice [10] . A biochemical analysis led to the identification of the bio-effective metabolites that are transferred to the brain, naringenin and its glucuronides [10] . Naringenin directly bound to collapsin response mediator protein 2 protein (CRMP2). The water extract of Drynaria Rhizome and naringenin induced axonal growth in cultured cortical neurons [10] .
In our previous experiments (published in patent #JP6165380), simultaneous treatment of ES extract and DR extract synergistically improved memory dysfunction in 5XFAD mice. Besides cognitive enhancement, our preliminary experiment using normal mice showed the synergic effect of ES and DR extracts on a reduction of depressive behavior in forced swim tests. Although those two botanical extracts were expected to have beneficial effects on cognitive function and anti-stress, as shown in previous animal studies, no clinical data has ever been reported. Therefore, we conducted a clinical study to evaluate cognitive enhancement and anti-stress effects by the intake of ES extract plus DR extract. Both E. senticosus leaves and rhizomes of Drynaria fortunei are classified as non-pharmaceuticals by the Pharmaceutical and Medical Device Act in Japan.
Materials and Methods

Trial Design
This placebo-controlled, randomized, double-blind study in healthy adults was conducted with the approval of the Ethics Committee of the University of Toyama. Each subject signed an informed consent form prior to study entry. The potential subjects (n = 31) were allocated into two groups. All subjects who met the inclusion criteria were enrolled; data from 31 subjects were finally analyzed. In the case of blood tests, samples of 2 subjects in the placebo group and 3 subjects in the extract group were chylous due to a meal before sampling. Therefore, those blood data were omitted. All subjects visited the University of Toyama two times for testing. Further details of the CONSORT flowchart of the study are shown in Figure 1 . 
Neuropsychological Functioning
The main analyses of RBANS compared the total score, 5 domain scores, and 12 subdomain scores between the extract and placebo groups ( Table 2) . When compared between those groups, a subdomain of "figure recall" was significantly increased by extract intake (p = 0.045). When compared intragroup at pre and post administrations, the extract treatment significantly increased the "language" domain (p = 0.040) and subdomains of "semantic fluency" (p = 0.021) and "figure recall" (p = 0.052).
MMSE scores were not significantly changed between groups and also pre-post administration because participating subjects had already been marked with nearly full scores at the initial test (Table  3) . Stress responses were evaluated by PHRF-SCL, which is one of the established self-report scales that detect both physical and psychological stress ( Table 4 ). Although an intergroup comparison showed no significant changes in all items, the anxiety/uncertainty item was significantly reduced by extract intake when compared pre and post administrations (p = 0.022). Depression/feeling of insufficiency and total score tended to be reduced by extract intake in the intragroup comparison. Analysed (n = 15 for cognition and stress, n = 13 for blood) ・Excluded from analysis for cognition and stress tests (n = 0) ・Excluded from analysis for blood tests (n = 2)
Analysed (n = 16 for cognition and stress, n = 13 for blood) ・Excluded from analysis for cognition and stress tests (n = 0) ・Excluded from analysis for blood tests (n = 3)
weeks
Randomized (n = 31) 
Participants
The period of subject recruitment was from 1 December 2018 to 4 March 2019. The inclusion criteria for eligible subjects were as follows: (a) an age of ≥40 and ≤80 years; (b) volunteers to attend this clinical study; (c) good physical and mental health. The exclusion criteria were as follows: (a) under 39 years old; (b) pregnant or lactating; (c) subjects having mental illnesses; (d) subjects judged being inappropriate for other reasons. Subjects were followed up from 13 April 2019 to 17 August 2019.
Intervention
ES extract was prepared by TOKIWA Phytochemical Co., Ltd (Chiba, Japan) as follows. Fresh leaves of E. senticosus were purchased from China. The dried powder of E. senticosus leaves (4 kg) was extracted in hot water (85 • C, 40 L) for 30 min, with this stage repeated twice. The liquid portion was then combined, filtered, and lyophilized to yield a leaf water extract (yield 30.0%). Contents of active principles in the ES extract, ciwujianoside C3, eleutheroside M, ciwujianoside B, were 1.33%, 6.29%, 0.95%, respectively. Safety assessments of the ES extract were performed by Japan Food Research Laboratories and BoZo Research Center. Results showed no acute toxicity in mice (LD50 was more than 2000 mg/kg) and no gene mutagenesis.
DR extract, the water extract of D. fortunei, was purchased from BGG Japan Co., Ltd. (Tokyo, Japan). The content of naringin in the extract was 22.3%. Naringin is metabolized to naringenin in the body after oral administration. Safety assessments of the DR extract were performed by College of Applied Arts and Science of Beijing Union University. Results showed no acute toxicity in mice (LD50 was more than 5000 mg/kg), no chronic toxicity (after 30 days administration), and no gene mutagenesis.
One capsule contains 67.67 mg of ES extract, 6.67 mg of DR extract, 44.46 mg crystal cellulose, and 1.20 mg calcium stearate. Three capsules, once per day, were taken. Placebo capsules contain 118.8 mg crystal cellulose and 1.20 mg calcium stearate. Three capsules, once per day, were taken.
Making capsules and packaging was done by the manufacturer (Aliment Industry Co., Ltd., Yamanashi, Japan) under Good Manufacturing Practice controls and ISO22000 certification. Intake dose per day was 203 mg of ES extract plus 20 mg of DR extract. Effective minimum doses and best-combination of doses were determined by our previous animal studies.
Outcomes and Assessments
All participants completed a basic sociodemographic and medical history questionnaire and reported any medications used at baseline. The Japanese version of the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was performed as the primary neurocognitive outcome measure. For measuring stress responses, the public health research foundation stress checklist short form (PHRF-SCL) was used [11] . This test evaluates 4 factors: autonomic symptoms, tiredness/physical responses, anxiety/uncertainty, depression/feeling of insufficiency. The Japanese version of the Mini Mental State Examination (MMSE) was administered as a secondary outcome measure.
Neurocognitive Assessments
The RBANS, a representative, clinician-administered neuropsychological test for adults, was used to assess multiple cognitive function domains [12] . This test includes 12 standard cognitive subtests. The results are grouped into the following five domains: immediate memory (list learning and story memory), visuospatial/constructional (figure copy and line orientation), language (picture naming and semantic fluency), attention (digit span and digit symbol coding), and delayed memory (list recall, list recognition, story recall, and figure recall). The reliability and validity of the Japanese version of the RBANS has been well-established [13] , and at least two forms were prepared to avoid the effect of learning via test repetition. As noted above, the MMSE [14] was also applied. The Japanese Adult Reading Test (JART) was used to estimate the intelligence quotients (IQs) of the subjects as a background measure.
Safety Assessment
The safety assessment included the recording of adverse events and the conducting of biochemical blood tests to assess liver and renal function and blood sugar and lipid levels at each visit.
Randomization
Participants were randomly assigned to one of two groups, the extract group or the placebo group. Randomization was performed by a block randomization method by a third-party (TOKIWA Phytochemical Co., Ltd.) who secured the participant allocation list and performed a key opening.
Statistical Analysis
The results are expressed as means with standard deviations (SD). A 95% confidence interval (CI) is the interval that is 95% certain to contain the true population value, as it might be estimated from a much larger study. 95% CI limits are shown by lower and upper ranges. Statistical comparisons were performed using GraphPad Prism 6 (GraphPad Software, La Jolla, CA, USA). Data were analyzed using two-tailed unpaired t-tests (for intergroup comparison) or two-tailed paired t-test (for intragroup comparison) and p values <0.05 were considered significant.
Results
Baseline Characteristics of the Study Groups
The overall study population was comprised of 31 healthy men and women. Figure 1 presents the CONSORT study flow diagram, subject distribution, and individual study protocols. Thirty-one candidates were randomized into two groups. One group was allocated to a 12-week placebo group, and another one was allocated to a 12-week extract group. All subjects completed all tests and were analyzed, and their characteristics are shown in Table 1 . The analyses of cognition and stress were done based on the full analysis set. Education periods and MMSE scores immediately before the test in extract and placebo groups were not significantly different. Assumed IQs were also not significantly different between groups. Since the average IQ in Japanese is around 100, subjects in this study have a normal level of intelligence. 
Neuropsychological Functioning
MMSE scores were not significantly changed between groups and also pre-post administration because participating subjects had already been marked with nearly full scores at the initial test (Table 3) . Stress responses were evaluated by PHRF-SCL, which is one of the established self-report scales that detect both physical and psychological stress ( Table 4 ). Although an intergroup comparison showed no significant changes in all items, the anxiety/uncertainty item was significantly reduced by extract intake when compared pre and post administrations (p = 0.022). Depression/feeling of insufficiency and total score tended to be reduced by extract intake in the intragroup comparison. 
Safety Measures
Thirty-one parameters were analyzed in blood to evaluate the incidence of side effects. Adverse effects were investigated following both extract and placebo intakes. Table 5 lists the results of the safety evaluation. Interestingly, total cholesterol level and HDL-cholesterol level were significantly decreased with placebo intake. Other parameters showed no significant differences between groups. 
Discussion
Intake of a combination of ES extract and DR extract for 12 weeks gave significant enhancement to the figure recall function in the RBANS test ( Table 2 ). In an intragroup comparison of pre-and post-intake, language domains were also potentiated by the combined extract treatment ( Table 2) . Among stress responses, anxiety/uncertainty was ameliorated by the extract intake, but not by the placebo intake. (Table 4 ). The extract treatment showed no adverse effects ( Table 5 ). Effects of ES extract or DR extract on the cognitive function and stress response in humans have not been reported yet. This study is the first to show the potential of a combined extract of ES and DR against neuropsychological function. In our previous studies, ciwujianoside C3, eleutheroside M and ciwujianoside B were identified as transferred compounds in the brain of mice after the intake of ES extract [3] . No pharmacological activities of those compounds have not reported except for our previous report. Ciwujianoside C3, eleutheroside M, and ciwujianoside B enhanced memory function in normal mice and increased dendrite densities of cultures cortical neurons [3] . Those effects might also be related to cognitive enhancement in humans, as shown in this study. For unraveling the signaling pathways of ciwujianoside C3, eleutheroside M, and ciwujianoside B involved in cognitive function, we are now identifying direct binding molecules of ciwujianoside C3, eleutheroside M, and ciwujianoside B using the DARTS method [10] .
Our previous study indicated that only naringenin and its glucuronides penetrated the brain after oral administration of DR extract [10] . Naringenin itself enhanced memory function and axonal density in Alzheimer's model mice [10] . Naringenin directly binds to CRMP2 and ameliorates abnormal phosphorylation of CRMP2 in neurons, resulting in axonal growth [10] . Efficacy of DR extract in humans, shown in this study, might be due to CRMP2 regulation. Other groups have reported that naringenin treatment attenuates anxiety-like behavior in socially defeat stressed mice [15] . Taken together, ES extract and DR extract may cooperate against neuropsychological function with different signal pathways. In our other study, diosgenin-rich yam extract that showed axonal growth activity and memory enhancement effects in mice facilitated human cognitive function [16] , indicating neurite extension activity might be related to the upregulation of cognition.
Several limitations of this investigation should be noted. We enrolled a 43-79 years sample of Asian adults, and therefore our results might not be generalizable to other populations. Furthermore, we did not assess daily dietary intake and physical activity level, and we are therefore unsure of the effects of these factors on the results of this study. The participants were advised not to modify their eating habits and activity patterns during the intervention. Finally, the study is also limited by the small sample size.
Conclusions
In conclusion, this placebo-controlled, randomized, double-blind study revealed that a combined treatment with two water extracts of Eleutherococcus senticosus leaf and rhizome of Drynaria fortunei enhances cognitive function in healthy human adults without any adverse effects.
Patents
This work is related to patent JP6165380. 
